Background: Children with seizure disorder are often treated with sodium valproate (SV) on long-
INTRODUCTION
Despite more than 40 yr of clinical use, sodium valproate (SV)-induced movement disorder in children is still of concern. SV is the sodium salt of valproic acid (VPA) and is an anticonvulsant mainly used in the treatment of epilepsy as well as panic attack, anxiety disorder, anorexia nervosa, migraine, bipolar disorder, acute mania and acute stress reaction [1] . It is considered the first-choice drug for many forms of symptomatic and idiopathic generalized epilepsies [2, 3] . The mechanism of action of SV is based on selective potentiation of postsynaptic inhibition mediated by gammaaminobutyric acid (GABA) or on direct increase of GABA in the brain [4] . Valproate also acts by reducing excitatory neurotransmission and modifying monoamine concentration [5] .
Though SV is a broad-spectrum antiepileptic drug, its neurotoxic effects in young children is of concern. These effects could range from tremors to involuntary movements [6] . The SV induced extrapyramidal symptoms include Parkinson's like symptoms and less commonly choreiform movements. [7] . The risk of parkinsonism is 10-fold higher in those taking valproate as compared with other antiepileptic drugs [8] . In a case series reported by Lancman (1994) , patients exhibited choreic movements involving the mouth, tongue, head, trunk and limbs [7] . Patients can also develop bradykinesia, rigidity, hyperreflexia, dysphagia, anarthria and aphonia, which constitute Parkinsonism plus Syndrome [9] . The movement disorder after chronic SV treatment is attributed to its ability to reduce D2 signalling in the brain [10] .
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Most of the reported data claim that these neurotoxic effects are reversible. Parkinson like symptoms are mostly hypertonic and hypokinetic, while chronic symptoms are hypotonic and hyperkinetic. It would be interesting to evaluate the side effects of SV by analysing movement and muscle tone after chronic treatment in juvenile rats. Hence, in the present study we focused on SV induced movement disorder and muscle tone using standard behavioural psychopharmacological studies.
The objectives of this study were to evaluate whether chronic treatment of SV in juvenile rats cause movement disorder. Further, we tested chronic SV treatment effects on muscle tone, muscle strength and cognition during early adulthood.
MATERIALS AND METHODS

Animals
In-house bred male albino Wistar rats from central animal house, KMC Mangalore, India in 2015 were used in the present study. Rats were fed with water and food pellets ad libitum. The rats were maintained under controlled conditions of light-dark cycles (12:12) , temperature (22±3°C), humidity (approximately 50±10%) and pathogen free environment. Polypropylene cages with paddy husk as bedding material was used for housing the rats.
The approval of Animal Ethics Committee of our institution was obtained before commencing the experiment.
Animal Groups
The experiment consists of the following animal groups (n=6). Group-1: Control rats Group-2: Rats received 200mg SV for 45 days Group-3: Rats received 400mg SV for 45 days
SV Administration
The SV was obtained from Sun Pharmaceuticals, India and was dissolved in water and administered via intraperitoneal route. SV administration began from postnatal day 16, and continued until the postnatal day 60 because at this age the maturation level of brain corresponds to that of adolescent humans [9] .
Study Parameters
The open field test, movement analysis test and catalepsy test were performed one month after the termination of SV administration, at postnatal day (PND) 90 while T-maze test was performed at PND 100.
Measurement of Body Weight
The body weight was noted at different intervals throughout the experiment, as SV is known to cause abnormal weight gain [11] .
Open Field Test
Open-field test is one of the most widely used methods to assess the motor, exploratory activities and emotional reactivity of rodents [12] .
Apparatus: A rectangular box (100×100×40 cm) with the floor consisting of 25 equal squares (5×5 cm) of fine unit wire mesh was used. Illumination was provided with 100 watts bulb, fixed 60 cm above the centre of the field.
Procedure: The rats were placed in one corner of the chamber. The number of peripheral and central crossings in five-minute durations was recorded. Rearing (elevated hind limb & pelvis with elevation of fore limb) and grooming (use of head, tongue and forelimb for the process of cleaning various part of the body) activities were recorded.
A. Movement Analysis
Rats were placed individually in a Plexiglas cages for movement assessment. The severity of motor abnormalities was evaluated using a quantitative neurological scale [13] :
Quantitative Neurological Scale:  Normal behaviour -score 1  General slowness of displacement resulting from mild hind limb impairment -score 2  Incoordination and marked gait abnormalitiesscore 3  Hindlimb paralysis -score 4  Incapacity to move, resulting from forelimb and hindlimb impairment -score 5
B. Oro-Facial Movements
Rats were placed individually in a Plexiglas cage for assessment of vacuous chewing movements [14] . The floor and the back of the cage consisted of mirrors to permit observation of vacuous chewing movements when the rats were faced away from the observer. These movements were measured continuously for five-minute periods.
Inclined Plane Test/Catalepsy Test
Catalepsy.is a nervous condition characterized by muscular rigidity and fixity of posture regardless of external stimuli, as well as decreased sensitivity to pain. Catalepsy was assessed in terms of the time the rats maintained an imposed position with both http://www.ijt.ir; Volume 12, No 1, January-Fabruary2018 front limbs extended and resting on a 4-cm high wooden bar. The endpoint of catalepsy was considered to occur when both front paws were removed from the bar or if the animal moved its head in an exploratory manner. A cut-off time of 180 seconds was applied during the recording of observations. The rats were returned to their individual home cages between determinations. All observations were made between 10.00 and 16.00 h in a soundproof room at 23-25 °C.
Assessment method: If the treatment groups of rats maintained the imposed posture for longer durations as compared to control or untreated rats, it would indicate muscular rigidity. However, if the treatment groups of rats maintain the imposed posture for lesser durations as compared to control or untreated rats, it would indicate decreased muscle tone. This assessment method was modified for rats from earlier studies with mice [15, 16] .
All the tests were video recorded and were conducted by a trained researcher blinded to the treatment schedule.
Spatial Learning Test (T-Maze Test)
To assess the spatial learning ability, rats were subjected to spontaneous alternation and rewarded alternation tests. The T-Maze consisted of a start box, 15×12 cm in size, a stem area (35×12 cm), a choice area (15×12 cm) and two arms (35×12 cm each), at the end of which were the goal areas (15×12 cm each), containing food pellets. The sidewalls were 40 cm in height. A sliding door separated the stem, from the start box. The T-maze was kept in a sound attenuated room [17] .
I) Spontaneous Alternation Test:
The rats were starved for two days prior to the test in order to motivate them for food reward. Subsequently food was restricted so that the body weight was maintained at 85% of pre-test weight. Rats were placed in the T-maze for 30 minutes daily, for 2 days, to orient them to the T-maze environment. During these sessions, 15 pellets of food (10 mg each) were kept in each goal area. On the following 4 days, six trials were performed daily. In each trial, the rats were placed in the start box and the door was opened, thus allowing it to enter into the stem and arms of the T-maze. After the rats ate the pellet in the goal area, they were placed back in the start box. In each trial, the arm chosen by the rat and the number of alternations made, were noted. The intertrial intervals were one minutes. The rat was considered to have entered into a particular arm when it entered that arm with all its four limbs. Percentage bias was calculated for each rat using the following formula:
With higher numbers of alternations, a lesser % bias was considered as an index of improved learning ability.
II) Reward alternation test:
This test is performed after completion of spontaneous alternation test. The test consisted of 6 trials/d, for four consecutive days. Each trial included two runs, viz. forced run and choice run. In the forced run, the rats were forced to one of the arms by blocking the other arm and allowing them to consume the pellets there. In the choice run, the forced arm is kept empty and pellets are placed in the opposite arm. Both the arms were free for the rats to roam. Now, the rat had to enter the arm, opposite to the forced one, as "correct response". The forced arm was predetermined and it was the same for all rats in each day, but it changed every other day. The experiment was repeated on 4 successive days. The "Percentage of correct responses" was calculated for each rat by using the following formula:
Increase in mean % correct response was considered as improved learning and memory.
Statistical Analysis
The data was expressed as mean ± SE. The significance of differences among the groups were assessed using one-way analysis of Variance (ANOVA) test followed by Bonferroni's multiple comparison post hoc test. P values <0.05 were considered as significant. Graph Pad version 3 was used for statistical analysis.
RESULTS
Comparison of Mean Percentage of Body Weight Gain during Different Period of Postnatal Development among Various
Animal Groups (Fig.1) Day-16: At day 16 rat pups were randomly allocated into three groups (n=6), but their initial body weight were not the same. Rats designated to receive SV-400 had a significantly higher body weight compared to controls (P<0.05) and SV-200 groups (P<0.01). Hence, at later stages of postnatal development body weights of different rats groups were not compared as their base line weights were 
Results of the Open Field Activities
The number of peripheral square crossings did not differ between controls and SV treated rats, which demonstrated that SV-200 or SV-400 did not affect locomotor or exploratory activities in rats. SV at both doses increased the number of central square crossings, which indicated that SV did not produce any anxiety-induced behaviour. Time spent in central square area was also not significantly different (P>0.05) between controls and SV treated rats. This also indicated that SV did not cause any anxiety like behaviour (Fig. 2& 3) . 
Results of Movement Analysis
The severity of motor abnormality was evaluated using a quantitative neurological scale [13] . No severe movement abnormality was observed in sodium valproate treated rats. The mean score for control rats were 1 and they did not show any abnormal movements. The mean score for SV-200 was 1.6±0.24 and for SV-400 were 2. This indicated that sodium valproate at both the doses resulted in general slowness of displacement, resulting in hindlimb impairment. There was no incoordination or gait abnormalities in sodium valproate treated rats.
There were no abnormal chewing (oro-facial) movements in either of the sodium valproate treated groups. Tremors were observed in both SV-200 and SV-400 group, but it was more pronounced in SV-400 group. http://www.ijt.ir; Volume 12, No 1, January-Fabruary2018
Results of Catalepsy/Inclined Plane Test
This test demonstrates muscular rigidity or hypotonia in animals. The mean duration of time by which rats were imposed on inclined plane did not differ between controls and SV-200 or SV-400 groups. This indicatee that sodium valproate neither caused muscular rigidity nor hypotonia (Table.1). 
Results of the T-Maze Test
There was no significant (P>0.05) difference in the mean number of alterations between control rats and sodium valproate treated ones (either 200mg/kg dose or 400 mg/kg dose). However, a marginally significant (P<0.05) increase in mean number of alteration was observed in rats treated with 400mg/kg dose compared to 200 mg/kg dose treated group (Fig.4) .
The mean number of correct response showed a reduction (P<0.01) in SV-200mg/kg dose treated rats but not in SV-400 mg/kg dose treated rats (P=0.0002) when compared to the control group (Fig.4) . The mean percentage of bias data, showed that rats treated with SV-200mg/kg demonstrated less percentage bias (P<0.05) as compared to controls. However, SV-400mg/kg ones did not show such reduction in the percentage of bias (Fig.5) .
The mean percentage of correct response was significantly (P<0.01) reduced in rats treated with SV-200 mg/kg dose compared to control rats. However, SV-400 mg/kg did not show any reduction (Fig.5) . 
DISCUSSION
The comparison of percentage of body weight gain after 90 days showed that SV at 200mg/kg dose resulted in maximum gain (92.18%), followed by SV at 400 mg/kg dose (82.72%) and controls (68.18%). SV is a frequently used antiepileptic drug used for different types of epilepsy. It has several side effects, including increase in body weight, metabolic and endocrine disorders and metabolic syndrome. A recent cross-sectional, study by Carmona et al. [18] in children receiving only SV for epileptic disorder, demonstrated that 17% of them developed obesity, 25% had metabolic syndrome and 6% of the children were significantly overweight [18] . The authors suggested that children treated with SV who became obese, might develop metabolic syndrome, hence careful monitoring is required. There are many such reports with respect to valproate-monotherapy-induced fat deposition and abnormal weight gain [19] . Possible reasons for the weight gain could be an increase in the consumption of calorie-rich foods and beverages as a result of a greater appetite and thirst, defective sympathetic nervous system activity, impaired beta-oxidation of fatty acids caused by Volume 12, No 1, January-Fabruary2018; http://www.ijt.ir carnitine deficiency, ineffective leptin activity in spite of high leptin levels (leptin-resistance) or increased secretion of β cells causing hyperinsulinemia [20, 21] .
SV treatment during the juvenile period did not affect locomotor and exploratory activities in adult rats. They also did not develop any anxiety like behaviour after SV treatment during adulthood. Our findings were consistent with a few earlier studies. Acute sodium valproate administration (320 mg/kg, intraperitoneally) decreased the frequency and the time spent in grooming, even though it did not modify locomotion, rearing or defecation, 15 and 60 min after acute treatment [22] . Prolonged (30 days) valproate treatment for 30 consecutive days with increasing doses from 40 to 320 mg/kg, did not modify rat behaviour in the open-field test, from the first to the fourteenth day of the test [22] . Acute (one injection), subacute (three injections) and chronic treatment with sodium valproate did not cause stimulation of motor activity in the openfield test, but resulted in reduced immobility time [23] .
Concerning the adverse effects of SV on extrapyramidal system, both Parkinsonism syndromes and choreiform movements have been reported in adults. A study reported 10 cases of extrapyramidal disorders in elderly after various durations of treatment (from 6 months to 10 years) [24] . Apart from extrapyramidal disorders, cognitive dysfunction similar to dementia was also observed in six patients. However, the signs and symptoms improved some weeks or months after discontinuation of SV treatment. Armon et al. described various abnormal signs and symptoms related to cognitive and motor function impairment in patients with chronic SV treatment [25] . There are many such reports with respect to SV induced Parkinsonism related symptoms in adults, most often reversible [26 -30] . Whether treatment with SV juvenile period causes Parkinsonism and cognitive dysfunction in adulthood has not been adequately studied. In the present paper, we did not observe any severe movement abnormality in SV treated rats.
Although, general slowness of movements was evident in rats treated with both doses of SV, there were no incoordination or gait abnormalities. We did not observe any abnormal chewing (oro-facial) movements in either of the SV treated groups. Most of the reports regarding valproate induced Parkinsonism symptoms were related to adults. Our concern was the effects of long-term usage of SV in children and its consequences during adulthood. Except for tremors and poor movement coordination, we did not observe any severe form of extrapyramidal system dysfunction one month after termination of treatment in the present study.
The most common adverse effect of SV on the central nervous system is tremor [6] . This is also the most common side effect of valproate compared to other antiepileptic drugs [31] . In the present study tremors were observed in both SV-200 and SV-400 groups, but it was more pronounced in SV-400 ones. Valproate-induced tremor is said to appear within a month to 14 months after the start of therapy [28] . It is typically an intention tremor (while executing a movement or a posture), but can be present at rest as well. It has also been suggested that valproate can either induce tremor or unmask an already existing, clinically silent essential tremor. The severity of SV-induced tremor can range from minimal to severe and is usually dose dependent. In our study, tremors were evident in both doses of SV treatment; and we could not distinguish the severity between the two tested doses.
The movement disorder associated with SV treatment is attributed to changes in the basal ganglia motor circuit secondary to dopaminergic receptor blockade. Although the mechanism of SV-induced parkinsonism is not known, several biological theories have been proposed to explain this increased risk, including an effect on complex I activity in the electron transport chain of mitochondria [25] and on GABAergic pathways in the basal ganglia [32] . Apart from that, both oxidative stress and mitochondrial dysfunction have are also been attributed [27] . Functional neuroimaging in a few cases has shown that the striatonigral function appeared to be minimally affected. Easterford et al., [33] detected Parkinsonism in three out of 50 patients receiving chronic valproate therapy. In all three cases, beta-CITSPECT scans were normal, indicating that dopaminergic neuronal loss was not the causal mechanism for the disorder. Interestingly SV is known to exert neuroprotection by reversing the behavioural and neurochemical alterations observed in rats treated with 6-OHDA, a Parkinson model [34] .
Another extrapyramidal dysfunction, the choreiform movements secondary to long-term valproate administration is less frequently reported [7] . Lancman et al., presented three patients who developed choreic movements after long-term treatment with SV [7] . These patients had severe brain damage and one had a unilateral vascular http://www.ijt.ir; Volume 12, No 1, January-Fabruary2018 lesion in the caudate nucleus. The choreiform movements involved the mouth, tongue, head, trunk and limbs bilaterally in two cases and contralaterally in the patient with the caudate lesion. Between the two major manifestations of extrapyramidal dysfunctions, Parkinsonism symptoms are associated with increased muscle tone (hypertonic), reduced movement (hypokinetic) while choreiform movements are associated with decreased muscle tone (hypotonic), and increased movement (hyperkinetic). In our study, we observed generalized poor movement in SV treated rats. Further to test the muscle tone and muscular rigidity, we performed catalepsy test. In this test, SV caused neither muscular rigidity nor hypotonia.
Hence, the present study demonstrated that chronic treatment of SV in juvenile rats caused Parkinsonism like symptoms (tremors and slow movements) during adulthood even after one month of terminating administration.
Another adverse effect associated with long term SV treatment is cognitive impairment [24] . The Spontaneous Alternation Test suggested that treatment with SV in juvenile period did not affect learning abilities in adult rats. While, 400 mg/kg dose of SV showed marginal increases in mean number of alternations compared to 200 mg/kg dose, this could not be considered an evidence for enhanced learning ability, since the value did not differ from control counterparts. The percentage of bias was reduced in adult rats who received 200mg/kg of SV during juvenile period compared to controls. This might be considered as an index of improved learning ability. However, the mean number of correct responses decreased in rats treated with 200 mg/kg dose of SV, not in the 400mg/kg group. The mean percentage of correct response also reduced significantly in rats treated with 200 mg/kg SV but not in 400 mg/kg treated ones. Except for the reduction in percentage of bias by rats treated with of 200 mg/kg SV, no other parameter clearly demonstrated any improvement in learning ability. However, rats that received 200 mg/kg SV demonstrated a significant reduction in mean number of alternations, mean number of correct response and mean percentage of correct response. Hence, it is evident that chronic SV treatment (PND-15 to 60) (200 mg/kg dose) in juvenile rats affects their learning and memory abilities in adulthood (at PND 90). Interestingly the higher dose did not show such effect. In contrast to our findings, another experiment performed in 2002 reported that SV treatment from PND-4 to PND-10 impaired learning and memory abilities in Morris water maze when tested at PND-23 to PND-30. However, these changes were reversed when retested at PND-35 [35] . Our study demonstrated persistence of cognitive decline even in adulthood.
Despite the reported safety of chronic SV therapy, its adverse effects such as Parkinsonism symptoms or cognitive dysfunctions should be of concern in all young patients who are treated with SV for many years.
CONCLUSION
Treatment with SV during Juvenile period could cause generalized slow movement, tremors and cognitive dysfunction during adulthood. Even after discontinuation of the drug, persistence of cognitive impairment, tremors and generalized slow movement observed in this study warrants a close monitoring system in children who receive longterm sodium valproate treatment. Further studies in understanding the mechanisms associated with these adverse outcomes and to minimize such effects should be considered.
